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HE
HANGING

TM@ASPHERE

ITwplacations for Global Sccwurpiy

The Changing
Atmosphere Conference

Alan V. Morgan

Department of Earth Sciences
University of Waterioo
Waterloo, Omtario N2L 3G1

Introduction

The objectives of The Changing Atmosphere
Conferance (Implications for Global
Sacurity) was to bring together scientists,
policy makers and members of industry and
environmental groups from around the worid
1o address some disturbing observations of
recent changes in the natural envircnment.
The changes are well known to all of us in
some general way. Everyone reading this is
aware of terms such as “the greenhouse
effect”, “ozone depletion”, “transboundary
air pollution”, and equally certainly of some
of the real and potential end effects
(atmospheric warming, sea lavel rise, skin
cancers and acid rain). However, few of us
are aware of the postulated rapidity of
change, the real effects on the total plane-
tary system, or the ways in which we must
devise methods of coping with the socio-
economic upheaval which will inevitably
accompany such change.

Tha Conference

The conference, held in the Toronto Conven-
tion Centre on 27-30 June 1988, was
attended by about 600 pecople. Somewhat
over 200 were members of different news
media, the remainder were delegates and
observers. Members were recorded from 46
countries and represented 15 international
organizations. There were 136 participants
frem Canada, 62 from the United States, 48
from different West European countries and
6 from Eastern Europe. Other parts of the
world were covered by delegates from Asia
{24), Akrica (17}, Centrai and South America
{16) and Australia and New Zealand (5). Little
expense seems to have been spared in the
organization, and the world and national
press were out in force.

The conference was chaired by Stephen
Lewis (former Canadian Ambassador to the
United Nations), and attended by Prime Min-
ister Brundtland of Norway and Prime Minister

Mulroney of Canada as well as numerous
policy makers from all levels of government
from different parts of the world.

The first speaker was Prime Minister
Mulroney who commented on environmental
proposals and tasks facing the Canadian
government. He reported that on the subject
of acid rain, the Federal government has
reached a series of agreements with seven
provinces east of Saskatchewan to reduce
acid rain emissions by 50% by 1994, By 1990
lead emissions in gasocline will be reduced by
60% (from a 1986 base), and “virtually elimi-
nated” by 1992. The Canadian Environmen-
tal Protection Act (passed about the time of
the Conference) would control toxics from
production to disposal, and the government
now has mechanisms in place to ensure that
economic decisions take environmental
impact into account. Federal policies have
been agreed with the provinces for the con-
trol, transport and use of PCBs, and an
improved Great Lakes Water Quality Agree-
ment was signed with the United States to
*reduce pollution in the Niagara River” He
went on 1o point out that in June a major
cleanup had commenced in the St. Law-
rence River, and a new marine park had been
created in the Saguenay region {Québec).

On the subject of National Parks, four new
ones have been created (Ellesmere Island,
South Moresby, Pacific Rim, and the Bruce
Peninsula) while Gros Mome National Park
in Newfoundland has been designated as a
World Heritage Site. (Mulroney didn’t men-
tion it, but there was considerabla input from
GAC members in the creation of the latter),
The remaining remarks were general obser-
vations on the dangers of acid rain, ozone
depletion, toxic wastes, and the “green-
house effect”.

Mulroney said that Canada would host
*Stockholm H* (a World Conference on sus-
lainable development) in 1992, The Canadian
government would soon be signing the
Montreal Protocol to ban all non-essential
uses of CFCs (chlorofluorocarbons) and
halons. A protocol for control of nitrous oxides
between Europeans and North Americans
wouldlikely be signed next fall and there would
be a follow-up meeting to the Changing
Atmosphere Conference in early 1989,

He concluded by stating that the Canadian
government is working toward sustainable
development 1o energy futures; that items
which conserved energy, which are re-cycled
or recyclable, bicdegradable, or free from
ozone-depleting substances will be identified
with adistinctive logo. He paointed out that last
year Canada forgave a debt load of $670
million to African nations, and that mere debt-
forgiveness could lead to some slowdown of
rainforest clearance in the tropics.

Mulroney was followed by Prime Minister
Gro Harlem Brundtland of Norway. Brundtland
chaired the United Nation's World Commis-
sion on Environment and Development, and
was responsible for organizing the book
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entitted Our Commoen Future (informally
known as the Brundtland Report). The book
(Oxford Pross) emphasizes the urgent need
for international action on threats to the
atmosphere by largely man-made chemical
changes.

Brundtland began by a blunt statement.
“Will we devote our abilities, our energy, and
our efforts to further short-term material well-
being, or will we commit ourselves to enhanc-
ing fite on planet Earth?" She went on to
praise Canada’s role in the work of the Com-
mission, and pointed out that many of the
threats to the environment are global in scale
and raise questions of planetary survival.
She tock the attitude that the problems were
largely those of the North versus the South.
The North has used the atmosphere, soils
and water as the ultimate sink for industrial
excesses; that the warning signal of
atmosphare heating has been ignored; that
we have disregarded the widespread use of
pesticides, herbicides, and acidification,
and that we have exported our environmen-
tal problems to the Third World. The
emphasis of much of the first pan of her talk
was on the need for an holistic approach to
the global problem, with more public aware-
ness of the scientific concerns.

Brundtland went on to mention that the
Third World finds itself in a crisis situation
trying 1o service crushing debt loads with
abnormally high real interest rates. These
developing countries have no allernative but
to tax their natural resources, often beyond
the point of recovary, while they still find
themselves (as in the case of Africa) trans-
lerring more to the industrialized countries
than they receive. (The figure of $100 billion
over “the past few years™ was mentioned).

Different atmospheric protocols (Sulphur
reduction in 1985, CFCs in 1987 and the
future ECE NOx protocol to be signed in late
1988) were mentioned, together with con-
cerns for ozone depletion in both Antarctica
and tha northem hemisphera. The 1.5 to
4.5°C estimated world climate increase over
the next 50 years was commented on, with all
of the potential for associated disasters in
terms of sea level rise, and agricultural and
climatic disturbances.

Brundtland concluded with 5 goals for an
international action plan,

1. Immediate international discussions on
the feasibility of adopting regional strategies
for stabilizing and reducing energy consump-
tion and use, before the turn of the century.
2. The development of a comprehensive
international research and information pro-
gramme on renewable energy.

3. The establishment of an extensive tech-
nology transfer programme with particular
emphasis on the needs of developing
countries.

4, Increased scientific research.

5. A global convention on the protection of
climate 1o coordinate scientific activity, tech-
nology research and transfer, information
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exchange, and concrete measures o reduce
emissions of harmful substances.

Her concluding remarks established a
theme which was to run throughout the Con-
ference, and one which must be remem-
bered by all readers. | quote; “We have
come 1o a peint in the history of nations
when we can no longer act primatlly as
cltizens of any single nation state. We are
Irreversibly entangled in the same des-
tiny, but together we also have enormous
possibllities.”

The statements of concern expressed by
both Prime Ministers coupled with remarks
by other platiorm speakers were followed by
lectures from scientists and officers of
various environmental agencies. These were
presented in a sefies of iilustrated talks over
the next two days.

Ken Hare (Chancellor of Trent University,
and Chairman of the Climatic Planning Board
of Canada) spoke on “The Global Green-
house Effect”. He pointed out that the effect
is being created from certain gases which
are being added to the atmosphere by
human economic activity. CO, is being
added, largely as a result of the burning of
fossil fuels, at a rale of 4%/decade; methane
at 1.5%/annum, and nitrous oxide and CFCs
at lesser rates. The overall effect of such
increases will likely lead to a doubling of
these gases in atmospheric concentration
between 2000 and 2050. This will mean an
aquilibrium temperature rise of 1.5 10 4°C
over the Earth’s surface with the greatest
effects in high northern latitudes,

Such changes will have “ripple effects” in
terms of accelerated rising sea level,
changes in soil moisture availability, and
hence, agriculture, impacts on energy con-
sumption, and on northern navigation.

Hare was followed by R.T. Watson, Chief of
the Upper Atmosphere Research Program in
the Division of Earth Sciences and Applica-
tions, NASA. Watson's comments backed up
the remarks made by Hare. COg, CH,, N2O,
halons and CFCs are increasing at rates of
0.2 to 5.0% per year, and are due in part lo
biosphere metabolism, national energy use,
agriculture, and other industrial policies.
Controls will require nationally and interna-
tionally co-ordinated programmes of inter-
disciplinary research. Remote sensing tools
(ptimarily satellites) have been used fo
establish that the Antarctic ozone hole is
caused by man-made chemicals, and that
the springtime Antarctic ozone has
decreased significantly since 1975. Such
decreases now extend north to about 45°S,
The impact of ozone removal or thinning
{especially with the newly observed north-
ern hemisphere hole) will be seen in terms of
human health, the marine and terrestrial
ecosystems, and climate.

G#ran Persson (Assistant Director Gen-
oral, National Environmental Protection
Board, Sweden) addressed the problem of
long range transport of airborne pollutants.

In an excallent summary, statistics were pre-
sented 1o illustrate European recognition
and concerns on sulphur transport and water
acidification. He pointed out the relationship
between sulphur dioxide, water laden with
varying concentrations of sulphuric acid,
heavy metal uptake, especially mercury and
cadmium, and human birth defects. Cesium,
libgrated from the Chernobyl accident,
crossed international boundaries and even-
tually girdled the globe with deleterious
effects to agriculture and farming practises in
many parts of Europe, but particularly in the
mountainous western and northern fringes of
the continent. Although sulphur compounds
have been at the centre of past concemns it
seems likely that transportation and deposi-
tion of nitrous substances may become more
important. These, coupled with big-
accumulating and toxic chlorinated hydrocar-
bons (DDT, PCBs Dioxin and others}, will
become major concerns in the near future.
Irving Mintzer, Senior Associate Director
of the Energy and Climate Project of the
World Resources Institute, Washington
commented on Energy Policies, Air Pollution
and Global Warming. After summarizing the
background of global warming and docu-
menting the increase in the greenhouse
gases he commented on some of the social
aspects of change, and what effects such as
sea level rise would mean to population den-
sities and agriculture. This was followed by a
series of scenarios which predicted what
would happen if energy use was encour-
aged, left "as is", with modest reductions in
energy, and with a slow build-up of energy
use. The year when mankind will be irrevaca-
bly committed to temperatures elevated in
the range of 1.5 to 4.5°C above pre-industrial
global temperatures varies from 2015 (in the
high emission case) to 2030 (in the “as is"
case), to 2075 (inthe modest to slow build-up
case). The net warning was that something
should be initiated immediately to reduce
the (inevitable) impacts of warming.
Professor G. Obasi, Secretary General of
the World Metsorological Organization,
Geneva, addressed Intemational Co-opera-
tion in Atmospheric Sciences and the
Changing Atmosphere. He pointed out that
world-wide data from instrumental records
shows an overall, continuously increasing
trend, with 1987 as the warmest year on
record. At the same time, atmospheric
greenhouse gases have also increased, and
most alarmingly, the warming trend is
entirely consistent with the computer-pre-
dicted GCMs (general circulation modals).
Despite strongly suggestive cormelations he
cautioned against a straight cause and effect
relationship. He then outlined various factors
which could influence the predictive modsls.
These included the type and extent of cloud
cover, natural changes in the recent geologi-
cal past, geo-biochemical cycles {analysed
by means of bubbles trapped in glacial ice),
and possible variations in oceanic deep-

water circulation. Professor Obasi con-
cluded with a synopsis of the work of the
Worid Meteorological Qrganization, explain-
ing about their activities in monitoring
destruction of the ozona layer, the Air Pollu-
tion Monitaring Network, and with the track-
ing of ocean pollution and events such as the
radicactive cloud released from the 1986
Chernobyl reactor accident.

in Session 4, five discussants deall with
the topics of food security, forestlands, water
resources, the human cost of natural disas-
ters in Latin America, and health effects
associated with global air circulation and
poilution.

Professor S.K. Sinha asked that scientists
address the concerns of food security in a
worldwhere precipitation patterns, tempera-
ture, and atmosphetric gas content are likely
to undergo rapid change. Only 5% of the
world food supply comes from the oceans,
and the agricultural areas for land-based
food supplies are undergoing serious com-
petition from different directions. He sug-
gested that food imports to developing
countries are not the answer, buton the other
hand there is little extra arable land to be
brought into production. The only method is
by increased crop yields, and some expan-
sion of arable land. Increased crop yields
require additional energy input (from manual
and draught labour to machines) while it also
faces the problems of decreasing fertilizer
response, limits on higher yields from genetic
strains, and the degradation of the resource
base. Although these problems are bad
enough under the present climatic regime
they could be exacerbated if the dimate
changes. Elevated sea levels and the move-
ment of moisture bells, coupled with rising
temperatures and drought could be some of
the adverse factors. Elevated mean annual
temperatures, by as little as 2°C could see the
demise of up to 25% of the fice crop because
of increased sterility in the crop. Similariy,
increases in insect pasts could counter any
increases in real production.

J.S. Maini, Assistant Deputy Minister, For-
est Policy, of the Canadian Forestry Service
commented on theimportance of forests and
the socic-economic implications of climatic
shifts to the forest regions of the world, Natu-
ral tactors affecting forests under a changing
climati¢ regime would be temperature
{increasing), soil moisture (decreasing), for-
est fires {increasing), forest insects and dis-
pases (increasing), possible new species
{increasing), reproduction (increased vege-
tative reproduction), competing vegetation
{decreased commercial yields), harvesting
{adversely affected), hydrology and wildlite
habitats {variable). Several interesting
points were made, not the least of which was
that lead times for equipment modification
are short, and that seedlings planted today
will be only halfway through their rotation
time by 2030, but may well be growing in an
altered climatic regime.
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Professor Jaromir Némec, Chiaf of the
Water Resources, Development and Man-
agement Service, FA.C., Rome discussed
the implications of the changing atmosphere
on water resourcas. Changing weather pat-
tarns will aimost certainly bring modifica-
tions to traditional patterns of precipitation
and evaporation. Marginal areas will ba hard-
esl hit, and these are often in the developing
countries. Examples were cited to show that
a 20% decrease in rainfall coupled with a
15% increase in evapotranspiration resulted
in & 75% decrease in the potential area for
irrigation. The Aswan High Dam in Egypt is
now threatened by lack of water, (Had the
dam been constructed at the end of the last
century runoff would have topped the sill of
the dam). Decreased flows in the Blue and
White Nile Rivers now seriously threaten the
power production and irrigation necessary
to support Egypt's increased population. The
question of improved irrigation practises
was addressed but the quality of walter sup-
plies was stressed even more. Water quality
is decreasing, not only from agricultural
runoff, but also from heating and pollution.
Sanitation needs conflict with potabie water
in many developing countries where water is
the principal transmission agent for B0% of
all diseases. These include trachome,
malaria (0.8 billion cases/year), schisto-
somiasis, elephantiasis, typhoid, cholera,
hepatitis, leprosy, yellow fever and diar-
rhoea. The latter kills an estimated 1,000
children each hour! Némec also addressed
the question of air-borne pollutants, and the
atlempts at various protocols to restrict the
releasa of cortain pollutants, He commented
on the potential rise in sea-level with the loss
of deltas, coastal wetlands, and the con-
tamination of coastal aquifers by salt-water
intrusion. Probably the most important por-
tion of his discussion was on the question of
large-scale water diversion. Most of these
schemes are limited because of real politi-
cal, social, economic, envireonmental or engi-
neering problems. Even when some or most
of these concerns are removed (as in the
case of the Soviet Union) there are real
scientific concerns about the potential nega-
tive effects of such massive interference
with a hydrologic regime. Of possible interest
to Canadians was a statement which states;
“In Canada there are at least six proposals
for interbasin transfers of water for power
purposes and mora than six proposals for
schemes for redistribution of continental
walter resources.” [ltalics mine]. Némec sug-
gested that more efficient use of water, cou-
pled with a reduction of pollution is far more
preferable than large-scale water transfers
“which would likely have... irreversible, detri-
mental effects on the environment”

Jorge E. Hardoy, Director of the Human
Settloments Programme of the International
Institute for Environment and Development,
Argentina, addressed the question of natural
disasters and the human costin urban areas

of Latin America. Urban expansion has been
rapid in many areas of South and Central
America, and in most cases, the growth has
been uncentrolled. Poor sections of the pop-
ulation have been reluctant to move far from
sources of employment and have occupied
areas unsuited for commercial development.
Thase areas are usually on lands subject to
flooding and landslides, but even the major
commercial centres and capitals have often
been situated in geologically "unsound”
regions. In an exposé botter suited to the
theme of the International Decade for the
Reduction of Natural Disasters, Hardoy's talk
went on to address many of the socio-eco-
nomic and political implications of earth-
quakes, landslides, flashflood debris flows
and hurricanes (surprisingly, not volcanic
hazards), with specific case studias from
Central and South America. | sensed a plea
for assistance from the developed countries
to assist in better planning and the integra-
tion of all sectors of the populace into new
urban centres.

Lester D. Grant, Director of tha Environ-
mental Criteria and Assessment Office of the
US Environmental Protection Agency com-
mented on health effects associated with
regional and glebal air pollution. Some
invoilved increasing tropospheric ozone lev-
els ("urban smogs™) with ozone-induced
health effects (and with associated co-pollu-
tants); others invalved the effects of
decreasing stratospheric ozone and the
increase of UV-B radiation (cancers/cata-
racts/crop damage/increased “weathering”
of polymers and cultural materials). Acid
aerosols and their relation to respiratory dis-
eases were discussed {with the suggestion
that acid aerosols were perhaps more impor-
tant than previously thought in the cause and
effect relationship attributed to smoke and
SO, production in the London "smogs” of the
early fifties). Beside the almost inevitable
increase in maortality by heat-stress during a
greenhouse-warmed summer, there are the
more disturbing implications {in North Amer-
ica) of northward movement of arthropods
and insects carrying Lyme’s Disease, Rocky
Mountain spotted fever, encephalitis,
malaria and, possibly, Dengue fever. Lest
these comments appear too alarming, Grant
pointed out (and attached a rider to the writ-
tan release) that these are personal views
and should not be construed as official US
EPA policy.

The final speaker was W.H. Mansfield Il
Deputy Executive Direclor of the United
Nations Environment Programme who gave
a short address on strategies to cope with
climatg change. He pointed out that it was
possible to develop major international
agreements (the Montreal protocol was
cited), but the iead time from recognition to
implementation was long. (In the quoted
example 10 years, with five of these devoted
to the international agreements). Since
changing climate is & man-made problem,
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and global in scope, it will need broad inter-
national agreement. Suggested methods
involved increased energy efficiency, adjust-
ment of the energy mix to less polluting fuels,
and reconsideration of solar, wind, biomass,
geothermal and nuclear options. Major efforts
must be made in limiting deforestation and
encouraging the planting of more trees. Tech-
nology transfer is essential, particularly in
terms of fuel efficiency, and the reduction of
CO; and other greenhousae gases. A key con-
sideration must be in financial relief 1o the
developing countries by means of monetary
assistance and debt relief.

Following the formal prasentations the
sessions remained closed while 13 working
groups discussed policy implications. Cana-
dians co-chaired or chaired working groups
on Urbanization and settlement and on Legal
dimensions. Other working groups included
Energy, Food security, Water Resources,
Land Resources, Coastal and Marine
Resources, Forecasting and Futures, Policy
and Uncertainty, Industry, Investment and
Trade, Geog-political issues, Communication
and Education, and Integrated Programmes.
Alter one and one-half working days the
delegates emerged for a final “Concluding
Session”, chaired by Stephen Lewis.

This last session involved a panel sum-
mary with M. Masse (Canada), E.H.TM.
Nijpels (Netherlands), Y. Sedenov (USSR}, J.
Goldenberg (Brazil}, C. Cissakho {Senegal)
and G.E. Brown (USA). To me, the most
impressive presentation was given by
Nijpels, the Dutch Minister of the Environ-
ment, who stated “Climate change is a real-
ity, and a new ethicis needed. We need to act
now, since delay can be disastrous, and we
need to act together. The industrialized
countries have a special responsibility to
reduce our levels (of consumplion and poliu-
tion) to set an example Saveral other
speakers echoed similar points, and
stressed particularly that technology trans-
fer is essential between the developed and
the developing world. Goldenberg made the
point that mankind as a whole is responsible
for global change; that “The agriculturalist
cutting trees in the Amazonas Valley is con-
tributing to a rise of temperature in Chicago
as much as coal burning in the Ruhr contrib-
utes to sea-level rise in Bangladesh,”

The Conference ended with the release
and critique of a draft Conference Slate-
ment. The final document discussad by the
assembly, although being a short condensa-
tion of the contribution made by hundreds of
participants, is too long to be discussed in
detail. | will however cite the first two para-
graphs (which may still be medified by the
time the final documentation is released).

“Humanity is experiencing an enormous,
unintended globally-pervasive process
whose ultimate consequences could be sec-
ond enly to a global nuclear war. The Earth's
atmaosphere is being changed atan unprece-
dented rate by emissions resulting from
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human activities, fossil fuel use and the
effects of rapid human growth in many
regions. These changes represent a major
threat to international security and are
already having harmful consequences over
many parts of the globe.

“The most far-reaching impacts will be
caused by global warming and sea-level rise,
which are becoming increasingly evident as
a resuit of continued growth in atmospheric
concentrations of carbon dioxide and other
greenhouse gases. The best predictions
available indicate potentially severe eco-
nomic and social dislocation for present and
future generations, which are likely to
worsen national and international social ten-
sions and increase the risk of conflicts
among and within nations. Itis imperative 1o
act now."

Comment

As a geologist attending this conference, |
appreciate that the major thrust was on the
“Changing Atmosphere”, but nevertheless, |
was surprised that there seemed to be little
geological input, Earth scientists capable of
commenting on non-renewable energy
resources, the proxy data record and dif-
ferent geomarphological processes, all of
which materially effect (or have alfected) the
global atmosphere, were somewhat thin on
the ground. Practically every working group
had recommendations which impact on the
Earth Sciences. Some of these include sea-
level rise, the occupation of coastal lands,
and the problem of contamination of coastal
aquifers; reduction of the use of traditional
fossil fuels, and potential increase of radio-
active elements; madification of the use of
inorganic nitrogen fertilizers; modification of
agricultural practises (in a geomorphological
context); making use of knowledge of the
past (proxy-data); technology transfer: inter-
disciplinary approaches lo the physical
environment; protection of soils, tundra and
wetlands; solid waste treatment and land
disposal; location of hazardous sites to pre-
vent urban build-up in these regions; and the
identification of critical regions and river
basins where changes in hydrological pro-
cesses and water demand will cause serious
problems.

My personal fesling is that earth scientists
have a great deal to contribute to the Global
Change story, and not the least of this is a
good understanding of all past natural
change before, and up to the time that man-
kind really started to modify the planet. This
fargely unwritten story is ONLY understood
by geologists. Failure to take the natural
record of the most recent geologic past into
consideration in any kind of future scenario
reduces the study from a work of science

to some glorified model where 100 many
parameters are simply not understood. Prob-
tlems of human habitation in regions which
will be adversely affected by global climate
change falls directly under the mandate of
environmental geology. Mankind's use of the
anergy minetals and in particular, the prob-
lems and promises of nuclear power, must
have the input of knowledgable earth scien-
tists. The global change train has already

started to pull out of the station, and | gatthe
feeling that the coaches are fully staffed with
atmospheric physicists, chemists and com-
puter modeliers. | hope that the crowd of
Earth scientists sprinting along the platform
will manage to get onboard before it is too
late!

Accepted 28 November 1988,

BURIAL DIAGENESIS

ORGANIZERS:1AN HUTCHEON

REINHARD HESSE

This short course is intended to aquaint geologists with recent advances in
rock-water-organic mattar interaction during burial diagenasis. The pro-
gram provides an overview of organic diagenesis, inarganic-organic interac-
rediction of porosity loss, diagenetic mineral reactions, isctopic
methods, water-rock interaction and modelling of fluid and mass transter.
Cass histories of applications of these techniques will be presented. Com-
puter programs to assist in modelling and water-rock interaction will be
be available. Students are encouraged
to bring data from their own work, including petrogenetic sequences, water
analyses, isotopic data and organic maturation data. This two day course will
include the instructors and topics below and a compiete set of course notes:

tions,

introduced and micro-computers will

Evolution ol porosily - - - - - -----------~--~
Crganic matier and thermat evelution- - - - - - - -
Organic pelrography and diagenetic medelling - -
Integrated malturation/diagenelic modelling- - - -
Isolopes in diagenesis - - - - - - .- - - -s-o oo
Analytical methods - - - = - - == ------------ -
Water-rock interaclions - - -----------~--~
Diagenetic modelling of geochemistry and fluid tlow - -
Diagenesis ol Nerth Sea Jurassic reservoir - - - -
Thermal hislory of a passive ocean margin - - - -

The short course regrisnation fee is $250 (Cdn) for professionals and $150
; . he course will be offered Ma
University prier to the GAC-MAC annual meeting.

(Cdn) for students.
application forms, contact:
Dr. fkan Hutcheon

Dept. of Geology
University of Calgary

Calgary, Alberta
ToN 1N4
{403) 220-6744

-OR-

---------- D. Gautier, US Geological Survey
----- L Snowdon, Geological Survey of Canada
- -R.M. Bustin, University of British Celumbia
------- R.C. Surdam, Universily of Wyoming

--------------- P Lundegard, Unecal Lid
--------- I. Hutcheon, Universily of Calgary

-------- M. Thomas, Eif Aquitaine {(SNEAP)
------ F. Walgenwilz, Eff Aquilaine (SNEAP}

SPONSOR:MAC

F. Longstalfe, University of Western Cntario

- -J R. Woed, Chevron Oil Fiold Research

13-14, 1989 at McGill
or more information and

Dr. Reinhard Hesse

Dept. of Geological Sciences
McGill University

Montreal, Quebec

H3A 2A7

{514) 398-4895




